In 1960 Williams and Azzopardi reported the first case of oat-cell carcinoma of the bronchus associated with the carcinoid syndrome and active production of 5-hydroxyindoles. No similar case has to our knowledge been recorded until recently when Gowenlock, Platt, Campbell, and Wormsley (1964) reported a patient with an oat-cell carcinoma of the bronchus; this secreted 5-hydroxytryptophan (5-HTP) in contrast to the conventional 5-hydroxytryptamine (5-HT) secreting carcinoid tumour. Though assay of the tumour for 5-hydroxyindoles was negative, these workers produced evidence that the oat-cell carcinoma in their patient was directly responsible for the endocrine secretion. We now report a third patient with oat-cell carcinoma and associated carcinoid syndrome: this report confirms and extends the original observations. In addition, the relation of oat-cell carcinoma to bronchial carcinoid is discussed.
CASE REPORT
A housewife aged 55 years complained of diarrhoea and occasional griping abdominal pain in December 1961. The diarrhoea was watery; no blood was noticed. She passed an average of three to six motions per day. In January 1962 her husband died suddenly and after this the diarrhoea became worse, amounting to 20 to 30 yellowish-brown motions per day. The severity of the diarrhoea fluctuated, and she continued to complain of generalized griping abdominal pain which sometimes woke her at night. Weakness and prostration were prominent symptoms. In March 1962 she noticed swelling of the legs, which apparently appeared abruptly since the patient noticed it on the day immediately before she was seen in the outpatient department.
In May 1961 she had had a 'nervous breakdown' attributed to business worries and complained of 'lacking zest'. This necessitated treatment with phenobarbitone. It The pulse rate was 96, regular. Blood pressure was 140/60 mm. Hg. Heart sounds were normal. The liver was palpable 3 cm. below the right costal margin in the mid-clavicular line extending across the epigastrium to below the left costal margin. Nonumbilicated nodules were felt on its surface. She had inflamed prolapsed piles. Rectal examination was difficult because of sphincter spasm but revealed no abnormality.
INVESTIGATIONs Haemoglobin was 13-2 g./100 ml., leucocytes 8,900/c.mm. (neutrophils 60%, lymphocytes 36%, monocytes 4%). Blood urea was 24 mg./ 100 ml., serum sodium 144 mEq/l., potassium 3-6 mEq/l., and chloride 103 mEq/l. Serum protein was 5-5 g./100 ml. (albumin 3 0 g./100 ml.; globulin 2 5 g./100 ml.). The stools were watery and dark brown and contained no obvious mucus or blood.
Bacteriological investigation of the stools showed no pathogenic organisms.
Examination of a 24-hour specimen of urine showed greatly increased excretion of 5-hydroxyindole-acetic acid (5-HIAA), but unfortunately no quantitative assay was carried out. Two-dimensional chromatography of the urine showed the 5-hydroxyindole excretion pattern characteristic of the classical variety of carcinoid syndrome with a large spot correspond- right lung field (Fig. 1) . A barium meal and followthrough and a barium enema showed no evidence of any abnormality in the alimentary tract. COURSE Her general condition remained poor. The diarrhoea continued, but the frequency of the motions decreased. On 31 March 1962 she became pyrexial, the temperature rising to a peak of 101-20 F. on 4 April 1962. Crepitations were heard over both lung fields, more marked on the right. She was treated with tetracycline. 250 mg. six-hourly for three days; as there was no apparent response to this therapy, she was given crystalline penicillin, 500,000 units intramuscularly b.d., with a drop in the temperature to normal after two days. There was no significant change in electrolytes except for the serum potassium, which dropped to 3 0 mEq/l. on 6 April 1962, despite the fact that she was receiving 1 g. KCI orally t.d.s. The liver was now grossly enlarged and nodular. There had been an obvious loss of weight since her admission to hospital. Marked lessening of ankle oedema was noted a few days before death. The previously florid complexion had become more dusky. She died on 13 April 1962. NECROPSY The pleurae were normal. There was sparse but scattered nodular neoplastic infiltration in all the lung lobes, with nodules up to 0 5 cm. in diameter. The site of origin of the bronchial carcinoma could not be determined. The hilar and tracheobronchial lymph nodes were extensively replaced by tumour, individual glands measuring up to 4 cm.
The liver was greatly enlarged, weighing 4,720 g. It was extensively replaced by tumour nodules up to 6 cm. in diameter. The biliary tract was normal. There was extensive neoplastic infiltration of the pancreas. The whole of the alimentary tract was carefully examined and no tumour was found. A few calcified mesenteric lymph nodes were present.
The pericardium was normal. The heart (380 g.) had a normal myocardium. There was no sign of valvular or endocardial disease, though this was carefully sought. Moderate non-occlusive atheroma of the coronaries was present. The right adrenal contained metastatic tumour; the left showed gross hypertrophy without obvious metastasis.
The kidneys (320 g.) had smooth surfaces, easily strippable capsules, and a faint blurring of normal corticomedullary markings. Numerous tumour nodules, up to 3 mm. in diameter, were present. The brain (1,200 g.), spleen (150 g.), and other organs showed nothing significant. HISTOLOGY The tumour was a typical oat-cell carcinoma with streaming and ribboning of the ovoid, hyperchromatic cells (Azzopardi, 1959) ; rosette formation was very scanty. Numerous areas of necrosis were related to encrustation of blood vessels and fibrous stroma by deoxyribonucleic acid, a highly characteristic feature of oat-cell carcinoma and one not often seen in other malignant tumours (Fig. 2) . The metastases in the liver, kidneys, pancreas, and other sites also had the structure of an oat-cell tumour. Metastases were identified microscopically in the thyroid and in both adrenals. The adrenals were hypertrophied, the cortical width increased, and the combs thickened independently of tumour infiltration. 
DISCUSSION
This patient is, to our knowledge, the third on record with an oat-cell bronchial carcinoma associated with the carcinoid syndrome. In all three patients no tumour was present in the alimentary tract, and careful examination showed no evidence of a carcinoid tumour anywhere in the body. The site of origin in the bronchial tree of an oat-cell carcinoma is occasionally very difficult to determine, as the primary tumour may be measured in millimetres in the presence of widespread metastatic disease. Where, as in the present patient, multiple nodules are found in the lungs, the site of origin may be impossible to determine. On the other hand, the specific identification of a tumour as an oat-cell carcinoma is possible, given adequate and well-processed tissue. This identity was established here, using criteria laid down elsewhere (Azzopardi, 1959) . In our patient even the characteristic 'D.N.A. sheaths' were present, though the nature of the tumour could be established even in their absence. This is stressed because, as Gowenlock et al. (1964) rightly point out, the differentiation between oatcell carcinoma and a carcinoid, although usually easy, occasionally presents some difficulty even to a pathologist experienced in this field.
The adrenal hyperplasia was a striking and unexpected feature at necropsy. It will be recalled that the serum potassium had dropped to 3 0 mEq/l. on 6 April in spite of oral potassium supplements, and at a time when the severity of the diarrhoea had decreased. It (Gowenlock et al., 1964) , only a single authentic instance of this association had been recorded (Williams and Azzopardi, 1960) . It is our hope that by drawing attention to this association more cases will be recognized. The overall incidence of the carcinoid syndrome in patients with oat-cell carcinoma must nonetheless be very low, taking into account the incidence of this variety of tumour. In some patients biochemical abnormalities may be present in the absence of overt clinical evidence. Gowenlock, Campbell, and Platt (1963) have produced evidence in support of this. Parish, Crawford, and Spencer (1964) discovered by chance a high level of 5-HT in the pulmonary venous drainage of an oat-cell carcinoma of the bronchus. In case 2 of Meador, Liddle, Island, Nicholson, Lucas, Nuckton, and Luetscher (1962) a 'small-cell' carcinoma of the bronchus in a man of 53 years, associated with the biochemical features of Cushing's syndrome, was associated also with a urinary 5-HIAA output of 50 mg./24 hours without symptoms of the carcinoid syndrome. This is analogous to the situation in some patients with a bronchial carcinoid (Warner, Kirschner, and Warner, 1961) .
A number of cases of pancreatic or other carcinoma have been reported in association with the carcinoid syndrome. The reports of Arnett and Long (1931) , Rosenbaum, Santer, and Claudon (1953) The 'classical' carcinoid syndrome is associated with the production of 5-HT by the tumour. Since the pioneer work of Sandler and Snow (1958) it has become clear that there is a carcinoid tumour variant which is a 5-HTP secretor and that this variant is more frequent in sites like the stomach, pancreas or bronchus than in the small intestine (Williams and Sandler, 1963) . On the other hand, of four primary bronchial tumours with the carcinoid syndrome studied in our department, three have been 5-HT secretors (Williams and Azzopardi, 1960; Clinicopathological Conference, 1963) ; the fourth, the subject of the present report, was probably also a 5-HT secretor, judging by the urinary chromatogram. This and other published data suggest that the 5-HT secretor is more common than the 5-HTP secretor even in bronchial neoplasms.
The histochemical resemblances between bronchial and intestinal carcinoids (Williams and Azzopardi, 1960) 
